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ARSTRACT

Data relating the tolerance of agronomic plants to soils contaminated
with hiph concentrations of oraanophosphorns insccticides may emphasize
the need for decontaninating soils following acci:lental spillage. The
insecticides 2-carbomethoxv-1-methylvinyl dimethyl phosphate (mevinphos)
and a mixture of the two isomers 7,7-dimethyl S-[2-(ethvithio) ethyl]
phosphorothioate and 0,0-dimethyl N-{2-{ethylthio)ethyl] phosphorothioate
(methyl demeton) were soil applied to 15 economically important nlants
at the rate of 1n0, 200, 400, and 290 pounds active ingredient ner acre.
The separate statistical analysis of the several davs (1, 3, 7, and 1n)
on which mcasurcments (damage ratings) were taken indicated that the effects
of damage were clearly manifested by the scventh day., 7v the seventh :lay
the average ohserved damage causcd by mevinphos (all plants averared)
was slight to moderatc while damage caused by methvl demeton was moderate
to heavy. The 15 plant species could be divided into cigihit groups
on the basis of similar phytotoxic responses to the insccticides., The
most susceptible plants to soil drench applications were oats, wheat,

collards, tomatoes, and sorghum.

This document is subject to special export controls and
each transmittal to foreign governments or foreign
ngtionals may be made only with prior approval of the
g;g4;orce Armament Laboratory (DLNA), Eglin AFB, Florida
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SECTION

INTRODUCTION

The growing interest in ultra-low volume, aerial insecticide application
is a direct reflection of the many advantages it offers over conventional
spraying techniques. With the increcasing use of ultra-low volume applications
of concentrated organophosphorus insecticides by both the Air Force Special
Operations Force (SOF) and the Tactical Air Warfarc Center (TAWC) in military
and civic action programs, a need exists to evaluate possible absorption of
these materials by crops (or other agronomically important plants) grown in
the contaminated soil. Generally, the organophosphorus insecticides do not
persist in the ecnviromment., Their effects are limited to the arcas of
application and are of relatively short duration. llowever, soils may le
heavily contaminated by repetitive soil treatment, by accumulation of fall-
out after spraying for inscct control, or by accidental spillage.

In an earlier report by Wolverton et al (1), the morphological effects
resulting from foliar applications of organcphosphorus insecticides to
15 economically important plants were reported. The organophosphorus
insecticides 2-carbomethoxy-l-methylvinyl dimethyl phosphate (mevinphos) and
a mixture of 0,0-dimethyl S-[2-(ethylthio) ethyl] phosphorothiocate and
0,0-dimethyl O-[2~(ethylthio) ethyl] phosphorothioate (methyl demeton)
were applied to the plant foliage at rates of 5, 10, 20, and 40 pounds
active ingredient per acre (1b ai/A). In this study the same plant species
were grown under similar environmental conditions; however, mevinphos and
methyl demeton werc applied to the soil, as a soil drench, at rates of 100,
200, 400, and 800 1b ai/A.

Clore et al (2) have reported on the ¢ffects of high rates of chlorinated
insecticide residues on the growth of crops. In general, they found that
rates of 100 pounds per acre (1b/A) of 2,2-bis (p-chlorophenyl)-1,1,1-
trichlorocthane (DDT) were required to reduce the yield of crops such as
rye, beans, and strawberries. Likewisc, Boswell et al (3) found that applications
of 15 1b/A 1,2,3,4,5,6-hexachlorocyclohexane (lindane) reduced the yield of
bects, lettuce, and spinach., In a field study, Scopes (4) applied granular
formulations of threec organopliospliorus insecticides to the soil at rates of
10, 50, and 250 ppm (calculated on the dry weight of soil to a depth of 100 mm).
e found that the highest rate of insecticide significantly reduccd the
germination and growth of sugar beets. TFurthermore, he observed that in the
ficld plots containing 250 ppm insecticide, 95% of the weed population was
held in check by 0,0-dicthyl 0-2-pyrazinyl phosphorothicate (thionazin) and
81% by 0,0-diethyl-S-(cthylthiomethyl) phosphorodithiocate (phorate).




Most of the orpanophesphorus inscceticides Jdecompose in the soli
rapidly enough that their residues disappear between crop seasons; however,
MacPhee, Chishol, and Maclachern (9) have reported that 0,0-diethyl-0-p-
nitrophenyl phosphorothioate persisted for five yecars under relatively :
dry soil conditions. hdwards (0} reported that the persistence of pesticides :
in the soil depended on many factors. The major factors were the pesticide ’
itself, soil woisture, soil temperature, wind or air movement, cover crops,
so1l cultivation, method of application to the soil, formulation, and soil
microorganisms. Availuble data published by the American Chemical Society
(7) suggest that pesticides persist in scoils that are higher in organic
matter than in mineral (sand or clay) soils. IHigher organic soils tend to
assume a colloidul form which binds the residues tightly to the soil
particles. Lichtenstein and Schulz (8) found that in a muck soil, which is
about 50% organic matter, insecticide residucs were bound to the soil
particles to such an extent that they were less effective against insects
than in a sandy soil. Crops, morecover, absorbed pesticides most readily
from sandy soils and least readily from muck soils. From laboratory
studies with mevinphos, Getzin and Chapman (9) concluded that absorption of
mevinphos by soil depended primarily upon the organic matter content; amounts
absorbed ranged from 0.031 gram mevinphos per gram soil (g/g) for a sand
loam to 1.27 g/a for a peat soil,

licath (10) noted that systemic insecticides (e,g., mevinphos and methyl
demeton) penetrate cellular membranes and are translocated in the xylem or
phloem to plant parts distinct from the point of application. Scopes (4)
applied Cl4-labelled phorate to the growth medium of field beans and showed
that the radiocactivity became centered at nccrotic lesions formed on the
margins of the leaves, le suggested that the leslons were causcd by the
damaging of a single or small groups of cells as a result of some cell
abnormality or the rapid loss of water through peripheral stomata or guttation.
The transpiration, enhanced by the initial damage, increased the accumulation
of the insccticide at the site, thereby causing phytotoxicity spots. llall
(11) subjected tomato plants to foliar and soil-upplied tetracthyl pyrophosphate
(TLPP) and found that dilute solutions stimulatced stem elongation and time
of flowering. Stronger su.lutions of TEPP inhibited these growth accelerations.
lie also noted that young plants were much morc severely affected by TEPP
than mature plants.

Thus, data relating the tolerance of economically-important plants to
soils contaminated with hcavy concentrations of organophosphorus insecticides
may be of valuc in dictating precautions to be followed for aerial applications
and may cuphasize the need for decontaminating soils following accidental
insecticide spillage (and/or purposcful disposal of orgarophosphorus
materials).
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SECTION L1

TEST PROCEDU:L S

MATERIALS AND METIHORDS

A 2x4x15 factorial experiwent replicated four times was initiated on
2 March 1969. The organopliosphorus insecticides 2-carboucthoxy-1-
methylvinyl dimcthyl phosphate (mevinphos) and a mixture of 0,0-dimethyl
S-[2-(cthylthio) ethyl] phosphorothicate and 0,0-dimetnyl 0-[2-cthylithio)
ethyl] phosphorothicate (methyl demcton) werce applied to the soil at the
rate of 100, 200, 400, and 800 pounds active ingredient per acre.
Control plants recelved no insccticide application. The mevinphos was
formulated from 100% Phosdrin (10,3 1b ai/gal) and the methyl demeton from
25.4% Meta-Systox-R (2.0 1b ai/gal). Fiftcen plant species werc sclected
for their cconomic and agronomic importance. Table 1 lists species and
varieties used, number of sceds per pot, and the age of plants at time of
treatment, Corn, sorghum, and ryegrass were planted one weck after the
other specics because of their rapid growth. All plants were treated on
the same day.

Mlants were grown in a clear glass grecenhouse with a minimum night
temperature of 65°F and maximum day temperaturcs of 90-95°F. The soil
used in this experiment was grecnhouse potting soil. The physical and
nutritional characteristics of the soil are described in Table II. All
plants were grown in 4-inch plastic pots. The plants were fertilized
with 15-15-15 liquid fertilizer twice prior to insecticide trecatment.
Only sprays containing chlorinated materials werc used for insect control
prior to treatment.

In order to prevent surfacc run-off and to insure saturation of all
the soil in each pot at time of soil drench treatment, data were obtained
on the water consumption and/or water loss from the soil surface for the
15 plant species during a 4-day period just prior to treatment. The
water utilization values (in mls) listed in Table 111 were obtained by
recording an initial "wet" weight and then each day determining the amount
of water (1 g = 1 ml) needed to restore the pot to its original weight,
Since growth would have occurred during the 4-day period, and lience the
original pot weight would have changed, and additional 5-ml aliquot was
added to the average water utilization value. Thus, the volume for the
soil drench applications at all concentrations of insecticide was based
on a valuc of 40 mls, The insecticides were applicd at the rate of 100,
200, 400, and 800 1b ai/A. Further watering of the plants was withheld
for a period of 24 hours. After that time all plants werc differentially
watered as needed,

P S S S T .
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TABLE II., PHYSICAL AND NUTRITIONAL CHARACTERISTICS* OF
THE SOIL USED FOR GROWING THE PLANTS FOR THE
INSECTICIDE EXPERIMENT

COMPONENT AMOUNT
Sand 79.1%
5ilt 14.5%
Clay 6.4%
Orgapic Matter 3.9%
pH 6.7
P05 72 1b/A
K50 320 1b/A
MgO 1,326 1b/A
Ca0 4,049 1b/A
N0, Low

*As reported by the Soils Department, University of Florida,

Gainesville, Florida
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TABLLL I11. DAILY WATER CONSUMPTION AND/OR WATER LOSS

(ml) BY PLANT FOLIAGE OR FROM SOIL SURFACE

DURING A FQUR-DAY PLER1OD PRIOR TO SOIL DRLENCH

APPLICATIONS OF ORGANOPHOSPHORUS INSECTICIDES
PLANT SPECILES DAY

1 2 3 4 AVERAGE
Big Bluestem 2 16 34 22 25
Peanuts 26 23 37 26 28
Qats 41 38 59 48 47
Collard 27 25 34 30 29
Bermudagrass 28 19 31 20 26
Cotton 32 21 35 2 29
Soybeans 42 38 48 35 41
Morningglory 34 19 30 25 27
Ryegrass 48 37 69 59 53
Tomatoes 27 22 35 25 27
Bahiagrass 24 15 30 24 23
Beans 45 34 46 39 41
Sorghum 45 34 61 46 47
Wheat 40 39 61 44 46
Corn | 3L s 3 40
Average 35 27 44 34 35

The amount of damage to the plants was assessed 1, 3, 7, and 10 days
after treatment by using the following visual rating scale:

0 - No damage

1 - Slight damage

2 - Moderate damagc

3 - licavy damage

4 - Extreme damage

5 - Death of all plants in pot

To support the ratings, notes on the extent of morphological or physiological
damagc werc recorded.




STATISTICAL ANALYSES

Analysis of variance techniques were used to cxamine the effects of the
insecticides upon the various plant species, The results of the four days
were analyzed separatcly because of lack of independence among days.
Cochran's test was applicd to the species variances to examine thelr
uniformity. When heterogencity was indicated, 4 variance stabilizing
square root transformation (x = x +0.1) was used.

Treating cach day separately, the main effects, the two-factor or
first-order intcractions, and the three-factor or sccond-order inter-
actions were tested for significance, Wwhen significant differences in
the main effects occurred, Duncan's new multiple-range test was cmployed
to compare cach treatment mean with every other treatment mean. All
results were tested at the 0.05 level of significance. Wien the (.05
level proved significant, the 0.01 and 0.001 levels were examined, The
lowest level at which significance occurred was reported in the results.,

A logarithmic transformation of the concentrations was made in order
to obtain equal spacing. The variation caused by concentration strengths
was then partitioned using orthogonal contrasts. This enabled determination
of the type of trend (linear, quadratic, or cubic) present in the data.
The slopes of the damage versus concentration graphs were cxamined to
determine if the type of damage response was similar for each insecticide,
These slopes were computed by the method of lcast squares.

The percentages of deaths among the plants, for the various main
effect considerations, were tested for significance by applying chi-square
test~ to the proportions,




SECTION III !

TEST RESULTS AND DISCUSSION

None of the control plants exhibited damage during the ten-day period
following soil drench applications of organophospilate insecticides to
the other plants. The treated plants exhibited varying degrees of
damage that were attributed to the effects of species, insecticides, and
levels of the insecticide concentrations.

Injurious cffects of soil drerch applications were noticeable 24 hours
after treatment, This was particularly truc for sorghum and wheat. Many
species (e.g., peanuts and corn) required almost one week before showing
significant iusccticide damage especially after treatment with mevinphos.
In general, damage to most plants consisted of a progressive wilting, a
pronounced chlorosis, and the eventual destruction of the supporting
tissue (stems or culms) resulting in death of the plant. For most
broadleaves, and especially tomato, soybeans, and beans, the first damage
symptoms were at the leaf margin, Gencrally, the lower leaves were
damaged more severely than the upper lcaves, The damage appeared as
light-colored, circular, necrotic indentations with reddish-purple border
regions. These spots tended to be interveinal and near the leaf margin,
but eventually most of the lcaf became necrotic. Their descriptions are
in close agrecment with those of Getzin and Chapman (9) following soil
drench applications of mevinpios and demeton on pea plants and with
Wolverton ct al (1) following concentrated foliar sprays of mevinphos and
methyl demeton on 15 plant species., Figure 1 shows organophosphate
insecticide damage on tomato following a soil drench application of 400 1b
ai/A methyl demeton.

The separate statistical analysis of the several days (1, 3, 7, and
10) on which measurements (damage ratings) were taken indicated that the
effects of damage were clearly manifested by the seventh day. Therefore,
the discussion of results will be confined to the analysis of the amount
of damage occurring by the seventh day. lowever, the results of the
measurements of each day werc analyzed by the analyses of variance method
and the F-ratios are summarized in Table IV.

F
!

The cffects of the two insecticides on the amount of damage sustained
by the plants were found to be significantly different at the 99,9%
probability level. By the seventh day the average obscrved damage caused
by mevinphos was slight to moderate {damage index 1.6} while the damage

caused by methyl demeton was moderate to heavy (damage index 2.4). ' !
&

Similarly, the effects of the different concentration levels were found




Figure 1.

Organophosphate Insecticide Damage on Tomato
Leaves One Week After a 400-1b ai/A Soil Drench
Application of Mecthyl Demeton. The leaves on
the right arc from a control plant.




FABLE 1V, SUMMARY QF RESULTS (ANALYSLES OF VARIANCE) OF SOIL DRENCH
APPLLICATIONS OFF MEVINPHOS AND METHYL DEMETON WITH DAMAGE
RATINGS TAREN 1, 3, 7, AND 10 DAYS AFTER TREATMENT

SOURCYE OF F-RATIOT

VARIATION uAY 1 UAY 3 LAY 7 DAY 10
Species 16,03+ 25,26%%* 34,77%%* 50,57*%*
Insecticide 2.22 6.04* 279,56*** 542 ,53% %
Concentration 183, 77%** 509,64%* 903,87%** 983, 17%%*
Species x Insecticide S,95%ww 13.46%%* 15,75%%% 17,88%**
Species x Concentration 2.81%** 6,48%%* 9,14%*x 8.62%%*
Insecticide x Concentration 8,17*** 8.67%x* 33,50%%% 41,32%%*
Species x Insecticide 2,32%%% 4,80%4* 9, 41%x* 11,49%%*

x Concentration

tDefinition of F-Ratin: The variance of sample means is oZ/n, where o2 is the
variance of the individuals in the parent population and n is the sample size.
This implies that means, where several are available, may be used to estimate
02, A second estimate of ¢? is available from the individuals. The F statistic
is the ratio of these two estimates of che variance:

estimate of o? from means .
estimate of o from individuals

If these two estimates are truly estimates of the same ¢Z, then this ratio

should be close to unity. As the size of the F statistic increases, there is

more probability that two different populations are involved. The distribution

of this statistic has been extensively tabled, and the tables are readily available,
*Indicates significance at the 95% probability level
**Indicates significance at the 99% probability level

***Indicates significance at the 99.9% probability level

10
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to be significantly different. The overall mcan damage index for cach
concentration is shown in Table V, As would he expected, damape increased
with an incrcase in concentration, In comparing the damage index for ecach
soil drench concentration with its corresponding valuc for foliar application
from the study by holverton ¢t al (1), it appcared that a 20 to 1 relation-
ship existed. Tor example, the plant Jamage resulting from a 400 1b ai/A

soil drench application was similar to the damage resulting frowm a 204db

ai/A foliar application., From these data, it secms feasible to suggest that
the damage observed may ihave been a result of similar concentrations within
the plant. The amount of insecticide translocated from the soil to the leaves
may have lLeen cqual to that which entered the leaves from the foliar application,
In elucidating the role of soil typec in the relationship of plant damage

to soil drench concentration, this laboratory (unpublisned data) found that

a soil drench application of 50 1b ai/A applied to plants growing in an
acid-washed white sand mcdia produced a damage rating of 2.5. This damage
rating was comparable to that produced by the 400 1L ai/A application made

to the greenhouse potting soil. These data clearly support the role of soil
type (8) in influencing the amount of insecticide that a plant absorbs,

There was a significant difference (at the 99.9% probability level) in
the reactions of the varicus species to the treatments they rcceived,
The overall mean damage indices for each speccies are presented in Table VI.
Various species that reacted similarly were combined to form groups, and these
groups and their overall mean damage are also presented in Table VI. LEven
though several species had similar overall means, their patterns of response
to the different levels of concentration differed sufficiently enough so
that they could not be grouped together. In the foliar study by Wolverton
et al (1), the same 15 plant spccies could be divided, on the basis of
similar response, into four groups (as compared to eight in this study).
Whereas sorghum and corn responded similarly to foliar applications, they
showed no similarity to soil drench applications, Furthermore, sorghum was
the most susceptible species to soil drench application while soybean was
the most susceptible species to foliar applications,

There werc significant differences (Tablc 1IV) among thc cffects of the
three~way interaction for speciecs, insecticides, and concentrations, This
indicated that plant species (e.g., cotton and tomato) did not respond
in the same manner to the insecticides mevinphos and methyl demeton nor were
their responses similar from one concentration level to the next concentration
level, This type of three-way interaction is illustrated in Figure 2, which
shows the trend in damage ratings for cotton and tomato seven days after
treatment with four concentrations of soil drench applications of methyl
demeton and mevinphos. Note that the two insecticides did not cause the
same degree of plant response when applied at either 200 or 400 1b ai/A to
cotton. However, similar responses were obtained when applied to tomato.
Moreover, responses to soil drench applications of 100, 200, or 400 1b ai/A
mevinphos were not the same with cotton as with tomato.

11
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TABLE V. THE EFFECTS OF CONCENTRATION ON THE MEAN DAMAGE TO PLANTS ONE
: WEEK AFTER SOIL DRENCH APPLICATIONS OF ORGANOPHCSPIIORUS
i INSECTICIDES
CONCENTRATLON DAMAGL 95% CONFIDENCE INTERVAL |
(1b ai/A) INDEX LOWLR UPPLR
160 Q.67 0.54 0.80
200 1.42 1.22 1.64
400 2.75 2.51 3.00
800 4,09 3.87 4,32
| |

TABLE V1. MEAN DAMAGE TO PLANTS ONE WLEEK AFTLR SOIL PRENCH APPLICATIONS
OF TLE ORGANOPLIOSPHORUS INSECTICIDES MLVINPLOS AND METHYL DEMLTON

SPLCILS GROUP
DAMAGE DAMAGE _95% CONFIDENCE INTERVAL
GROUP SPLECIES INLEX INDEX LOWE R UPPLER
1 Qats 2.0
Wheat 2.2 2.4 2.1 2.8
‘ 11 Rahliia 1.9
f Bermuda 1.0
: Bluestem 1.9
E Ry e 1.7 1.7 1.5 1,9
E II1 Soybeans 2,6
| Beans 2,2 2.4 1.9 2,9
1
1Y Collards 2.5
Tomatoes 2,7 2,0 2.0 3.2
v Morningglory 1.8
Cotton 1.4 1.6 1.1 2.2
VI Peanuts 1.9 1.9 1.4 2.4
VIl Sorglium 3.2 3.2 2.4 4.0
VIII Corn 1.0 1.0 0.6 1.7
{ 13
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The trends ef the amount of plant damage caused by increasing the
concentrations of soil drench applications of organophosphorus insccticides
were tested statistically to determine which, 1f any, exhibited significance.
Lach of the groups of species demonstrated a highly significant response to
logarithmic increase in concentration. Quadratic and cubic trends were at
times also significant, but this was becausc of a lack of response until
higher concentrations were applied or because death occurred at less than
the highest concentration, or both. Table VIT shows the lowest concentration
a4t which appreciable damage was obscrved and the concentration level at
which death occurred. Appreciable damage was considered to have occurred
at those insccticide levels which caused at lcast a modecrate amount of
plant damage (damage index rating = 2,0).

The most susceptible plants to soil drench applications or organophospliorus
insecticides were oats, wheat, collards, tomatocs, and sorghum, With the
cxception of sorghum, the other four species responded similarly to both
mevinphos and methyl demeton. The susceptibility of sorghum to mevinphos
and methyl demeton is shown in Figure 3. A soil drench application of 100
Ib ai/A methyl demcton had no effect on the height of sorghum (and hence,
on growth) while a similar rate of mevinphos not only affected growth, but
wis extremely detrimental to the vegetative material already present. The
rapid drop in piant height was a result of destruction of the support tissue
(culms), While the plants of Group V (morningglory and cotton) were not
greatly affected by mevinphos, they were susceptible to methyl demeton
{see Table VII).

To investigate the change in damage with the passage of time, the
average damage index for cach species group was plotted against days on
which the measurements were taken (e.g., 1, 3, 7, and 10 days). The results
indicated that there werc no sizeable decreases in the amount of damage before
the seventh day. An analysis of time after trcatment (days) on the rate of
damage change for the four concentration levels of cach insecticide revealed
that the rate of damage change was the samc for cach concentration level
and each insecticide, These results arc shown in Figure 4, Note that all
the lines are approximately parallel. The rate-of-damage change stcadily
decrecased from the first to the tenth day after treatment with either
insccticide, Those plants trecated with methyl demeton continued to show
incrcasing damage through the tenth day, whereas thosc treated with mevinphos
showed an increase in damage only through the seventh day.

The deaths caused by the two insecticides were analyzed for each group
of plant species and also for cach concentration levei, These results are
shown in Tai:.les VIII and IX, respectively, The first of these two tables
presents the percentage of deaths occurring within ecach species group
during the entire experimental period. It can be noted that the percentage

14

5




of deaths caused by methyl demeton was significantly greater than that
caused by nevinphos for Groups II, ITI, VII, and VII1. Notice that the
greatest number of deaths occurred when sorghum was soil drenched with
methyl demeton, Fifty percent of all the soybeans and beans treated with
mcthyl demeton were killed., Altliough Wolverton ct al (1) did not obscrve
plant death, they did note that soybceans rccoiviﬁE AT 1b ai/A wethyl demcton
were scverely stunted and all new growth within a 30-day period showed
damage symptoms. The data in Tallec IX can be summarized by noting that,
wiile it required only 400 1L ai/A of wethvl demeton te cause death, 800
1L ai/A of mevinplios were needed before death occurred. At both of these
concentration levels, methyl demeton caused significantly morc dcaths

than did mevinjuos,
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TABLLE VII, CONCENTRATION LEVEL (LB ai/A) OF ONSLT OF PLANT DAMAGE AND OF
DEATH ATTRIBUTABLE TO SOIL DRENCLING wITH ThHI ORGANOPLIOSPLIORUS
INSECTICIDES MEVINPHOS AND METHYL DEMETON

- INSLECTICIDE CONCENTRATION
SPLCILS ; - . LEVEL (1b_ai/A) _
13
GROUP MEVINPLOS METHYL 1 EEIQNA__,I
ONSET* DEATIL ONSET* DEATH
1 {Uats, Wheat) 200 800 200 800
I1 (Bahia, Bermuda, 800 - 300 800
Blucstem, Ryce)
T11 (Soybeans, Beans) 400 800 150 400
1V (Collards, Tomatoes) 200 800 200 800
V (Morningglory, Cotton)] 500 800 200 500
VI (Pcanuts) 800 - 300 800
VII (Sorghum) 100 500 150 200
VIII (Corn) 800 -—- 400 800

*The cnset of plant damage was considered to have occurred at those
insecticide levels which caused at least a moderate amount of damage
(damage index rating = 2.0).
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|
! JALLE VIII. PERCENTAGLS OF PLANT DEATHS (BY SPECINS) ATTRIBUTABLE TO
SOIL DRENCH APPLICATIONS OF ORGANOPIHOSPHORUS INSECTICIDES
g1t ’ **k T
S MEVINPHOS | METHYL DEMETON MEV;N?ESETVERSSE
METHYL DEMETON
1 (Oats, Wheat) 9,38* 21.88* 1.38
Il (Bahia, Bermuda, 0,00 18,75+ 3.64%
Bluestem, Rye)
I1I (Soybeans, Beans) 12.50* 50,00* 3.24*
IV (Collards, Tomatoes) |25.00* 34,38% 0.82 ;5
V (Morningglory, Cotton)21,80* 40,62% 1.62
VI (Peanuts) ¢.00 18,75* 2,57
VII (Sorghun) 25,00% 68.75% 2.24% i
VIII (Corn) 0.00 25.,00* 3,02+
Aggregate 10,83* 32,08+ 5.67*

*Indicates significance at the 95% probability level,

**A t-test investigates the probability that the value of a certain type
of random variable or the difference bLetween the values of two such
random variables is greater than a critical number. This number is
obtained from tables of the t-distribution., Its main use is with small
samples.
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TABLE IX. PERCENTAGLES OF PLANT DEATHS ATTRIBUTALZLE TO THE CONCENTRATIONS
OF SOIL PRENCH APPLICATIONS OF ORGANOPHOSPHORUS INSECTICIDES

; "t TEST** OF

CONCENTRATION LEVEL MEVINPHOS !  METHYL DEMETON | MEVINPHOS VERSUS
; METHYL DEMETON
!

100 1b ai/A 0.00 : 0.00

200 1b ai/A 1.67 ; 5.00 0.13
i

400 1L ai/A 3.33 } 35.00* 3.57*
1

800 1b ai/A 38.33* 88.33* 5.68*

Aggregate 10,83* 32,08* 5.,67*

*Indicates significance at the 95% probability level.
**A t-test investigates the probability that the value of a certain type
of random variable or the difference between the values of two such

random variables is greater than a critical number.

obtained from tables of the t-distribution.

samples,
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SECTION TV

SULRIARY AND CONCLUSIONS

Data relating tolerance of apronomic plants to soils contaminated with
high concentrations of the organophospliorus insecticides wevinphos and methyl
demeton are reported, In summary, it was found that:

1. Injurious cffceets of soil drencihv applications were noticcal:le 24
hours after treatment, The danage to most plants consisted of a progressive
wilting, a pronounced chlorosis, and the eventual destruction of the supporting
tissue (stems or culms) resulting in death of the plant,

2. The scparate statistical analysis of the several days (1, 3, 7, and
10) on which measurements (damage ratings) were taken indicated that the
effects of damage were clcarly manifested by the scventh day. By the seventh
day the average observed damage caused by mevinphos (all plants averaged)
was slight to moderatc (damage index rating of 1.6) while damage causcd by
icthyl demeton was moderate to heavy (damage index rating of 2.4).

3, In comparing the damage index for each soil drernch concentration
with its corresponding value for foliar application, it appearcd that a
20 to 1 relationship existed. For cxample, the plant danage resulting from
a 400-1b ai/A socil drench application was similar to the damage resulting
from a 20-1b ai/A feliar application, Soil type, however, has a sipnificant
influence upon this relationship,

4, The 15 plant specics could be divided into cight groups on the
basis of similar responses to the insccticide. These groups were:

a. Group I - oats, wheat

b. GCroup Il - bahia, bermudagrass, big bluestem, and ryc
¢. Group IIl - soybeans and Leans

d. Group IV - collards and tomatoes

e, Greup V - morningglory and cotton

f. Group VI - pcanuts

1. Group VII - sorghum

h, Group VIII - corn
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5. Lach of the groups of specics demonstrated a highly significant
response (as 1ndicated by plant damape) to logarithmic increascs in
concentration of insccticide,

0, Plants that reccived applications of methyl demcton showed
sighificantly wore danage than thosce which received a couparable application
of nevinphos,

7. The wost susceptible plants to soil drench applications of ergano-
phosphorus insccticides were oats, wheat, collards, tomatoes, and sorghum,
With the exeeption of sorghum, fhe other four species responded similarly
to both mevinphos and methyl demeton, A soil drench application of 100 1b
ai/A was cxtremecly detrimental to sorghum, although it was not lethal,

8. In investipating the change in damage with passage of time, it was
found that there were neo sizeable decreases in the amount of damage beforce
the seventh day. Thosc plants trcated with methyl demeton continued to
shov damage through the tenth day, whereas those treated with mevinphos
showed an increasc in damage only through the scventh day,

9,  The percentages of plant death occurring within a specics was
significantly preater with methyl demeton than with wmevinphos, The greatest
number (089%) of deaths occurred when sorghui was soil drenched with methyl
demeton. Data on the concentration levels required to cause plant death
could be summarized by noting that while it required only 400 1b ai/A of
methyl denicton to cause death, 300 1b ai/A of mevinphos were nceded Lefore
dcath occurrcd,

In practice, what would be the insecticide concentration in the soil
from the accidental spillage of a 55-gallon drum of organophosphorus
insecticide? A 55-gallon drum of the orgunophosphate malathion (an insecticide
currently uscd in SOF and TAWC programs) contains 504 pounds of liquid
having an active ingredient of weight of 536 pounds. If this much
insccticide were uniformly distributed over a one-acre area to a depth of
six inches, it would result in concentration of 206 ppm. If distribution
were limited to an area of 1/2 acre, it would have a concentration in the
soil of 536 ppm, The data from this report indicated that a concentration
of 200 ppm (400 1b ai/A) of an orpganophosphate inseccticide resulted in
moderate to heavy plant damage, while a concentration of 400 ppm (800 1b
ai/A) was lethal to the plants, All this presupposcs that plants were
the spill would have occurred. VWhat bappens to secd germination and/or
scedling development? Scopes (4) noted that a concentration of 250 ppm
of the organophosphorus insccticides thionazin or phorate significantly
reduced germination and scedling development of sugar beets and various
weed species, Thus, it seems feasible to suggest that a decontaminant is
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required in spillage arcas, It sihould be recognized that decontamination

of organophosphorus insccticides way be just as phytotoxic; nevertheless,

decontamination would significantly reduce animal toxicity. This would be
cssential in avoiding detrimental levels of iwsecticide entering into the

aguatic systen,

All of the plants used in this study were approximately the same age,
and because of sceding rate, all pots exhibited the same approximate amount
of surface vegetation, The data does not suggest that the prowth characteristics
of the plant (e.g., monocot versus dicot) influenced the behavior of the plant
to the insccticide. Corn and sorghum had essentially the same tvpe of roots,
were of the same age and height, yet responded in a completely differcnt
manner to the same insccticide. Tne data sugpest that the node of action
of the organophosp.iorus insccticides in injury plants may not be a direcct
biochkemical reaction (i.e,, directly interfering with an enzymatic system)
but rather a physical reaction based on the characteristic of whether the
plant cell is susceptille or resistant to physical disruption.
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